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1,0 INTRODUCTION

This report 1is the last in a series of four reports which contain the
final design and implementation plan for evaluating the effectiveness of each
of four selected Federal Motor Vehicle Safety Standards (FMVSS). The four
selected FMVSS which have been examined arza:

FMVSS 214 - Side Door Strength

FMVSS 215 - Exterior Protection

FMVSS 301 Fuel System Integrity
FMVSS 208 - Occupant Crash Protection

This report contains the final design and implementation plan for evaluat-

ing the effectiveness of FMVSS 208 - Occupant Crash Protection.

1.1 Background

Originally introduced in 1968, the Occupant Crash Protection Standard has
been modified several times, 1Its major change has been to allow vehicle manu-
facturers three options for satisfying the Standard. Options #1 and #2 have
less specific equipment criteria and more detailed injury criteria. Option #3
has specific equipment requirements for the seat belt assemblies but few or no
injury criteria, depending on the type of assembly installed. The objective
of this Standard i1s to decrease occupant injury through increased usage of re-

straint systems--active systems such as the current lap/shoulder belt combin-

ation, or passive systems typified by the passive belt or air cushion restraint

system.® 1In many of the earlier versions of the Standard, the active methods
of occupant crash protection were scheduled for elimination. There has been
considerable controversy concerning the relative effectiveness and costs of the
alternative active and passive systems, The current version of the Standard
does not give any date for the elimination of active systems. Since the Stan-
dard became effective on 1 January 1968, automobiles have been equipped with

a variety of occupant restraint systems, such as lap belt only, separate lap
belt and shoulder belt, and integral lap belt and shoulder belt. At present,
the overwhelming majority of vehicles have the integral lap belt and shoulder
belt system. Table 1-1 gives the important changes in the Standard by model

year,

*

The effectiveness of the Standard depends completely on the usage of the pro-
tection systems, The passive system is favored because it would always be in
use, without an explicat action ("buckling up'") on the part of the occupant.
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TABLE 1-1
APPLICABILITY OF THE STANDARD BY MODEL YEAR

Model

Year Occupant Crash Prgotection Standard Requirements

Pre-1968 o No requirements, but lap belts were standard equipment on
most cars.

1968* o Type 1 (lap) or Type 2 (lap and shoulder) seat belt assemblies
required at each seat position, (FMVSS 209 specifically de-
scribed the assembly and FMVSS 210 described requirements for
the anchorage.)

1972%* & Manufacturers were given three options for meeting the Standard.
The first option required a totally passive system for crash
protection. The second option required a lap belt and some
other passive features to meet the frontal crash requirements.
The third option specified an 1ntegral lap/shoulder belt

system with warning device and had no 1njury criteria. (After
August 15, 1973, the third option was to be eliminated; however,
that date was continually postponed.

1974 o The third option was modified to require an ignition interlock
device.

e If only a lao belt is used, the vehicle had to meet the frontal
barrier crash requirements and i1njury criteria.

e The second option was upgraded to a complete passive protection
system in head-on test crashes although some type of seat belt
was still required.

(1975) (¢ The 1gnmition 1nterlock requirement was revoked early in the
1975 model year--29 October 1974. However, many models were
produced with the interlock system )

'FMVSS 208 became effective 1 January 1968,which was after the beginning
of the 1968 model year.

*
* This change came after the start of the 1972 model year (1 January 1972);
however, this change did not affect how the manufacturers were complying.

Purpose of FMVSS 208

e The specific purpose 1s to establish performance requirements
for the protection of vehicle occupants in crash situations,

e The general purpose is to reduce the number of deaths and the
overall severity of injuries in motor vehicle accidents.

General Requirements of FMVSS 208

The current Standard allows the manufacturer to comply under three dif-
ferent options, each with different performance criteria. In general, the
requirements are:

e Option #1 requires a completely passive protection system which
meets all the injury criteria in the frontal barrier crash
at 30 mph and the lateral moving barrier crash at 20 mph.
In the rollover test at 30 mph the only injury criterion is
that the test dummy should be contained within the passenger
compartment throughout the test. Other injury criteria limit
the forces on the head, chest and upper leg during crash
tests.
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Option #2 requires a head-on passive protection system for front
seating positions which meets all the injury criteria in a 30
mph perpendicular, frontal barrier crash. The option also
requires installation of at least a lap belt with warning system.

e Option #3 requires only a lap and shoulder belt protection
system with a belt warning system. If only a lap belt 1s
provided, then the vehicle must be capable of meeting the per-
pendicular frontal barrier crash requirements including injury
criteria.

Measures of Effectiveness

Since the Standard's stated purpose is to reduce the occurrence and sever-
1ty of injury, injury-related measures are the most obvious means of assessing
the Standard's effectivenests. The injury criteria employed for testing under
the Standard are:

e The test dummies used in each crash test are to be contained

within the passenger compartment throughout the test.

e The acceleration of the head of the test dummies cannot exceed
an index level of 1,000. The index is an integrated expres-
sion of the acceleration forces on the head in any period
during the crash. Prior to 31 August 1976, the acceleration
was measured during any period when the head 1s in contact
with any part of the vehicle other than the belt system.

e The acceleration forces on the chest are measured at the center
of gravity of the upper thorax. These forces must not exceed
60g for longer than 3 milliseconds total. Prior to 31 August
1976, this acceleration was measured with a severity index
which could not exceed 1,000,

e The axial forces on the upper leg cannot exceed 1,700 pounds.

The above explicit injury criteria, however, are applicable only under
the first two options for passive protection systems.* The vast majority of
automobiles in recent model years (1973-1977) are equipped with seat belt assem-
blies which comply with the third option and thus the net effectiveness of this
restraint system depends on their usage by vehicle occupants. For this reason,
the estimating of the effectiveness of the Standard must cover both the effec-
tiveness and usage of the system. Because the Standard's stated purpose is the

reduction of the number and severity of injury, the Abbreviated Injury Scale (AIS)

is the most obvious measure of effectiveness of the Standard.

*
With the exception that under Option #3, 1f only a lap belt is provided, then
the vehicle must be capable of meeting the perpendicular frontal barrier crash
requirements, including injury criteria.
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Means of Complying with the Standard

Since 1 January 1972, manufacturers have had three options under which
they could comply with FMVSS 208. The first option was to provide a totally
passive system: no manufacturer has complied under this option. The second
option encourages the manufacturer to provide some passive protection sys-
tems, but does not require complete reliance on the passive systems as the
first option does. Option #2 requires, when using the passive system alone,
that injury criteria must be met for front seat passengers in frontal col-
lision into a barrier at 30 mph. However, these vehicles are also required
to have seat belt assemblies with warning systems, with some exceptions 1n
the case of passive belts. Some manufacturers have provided systems which have
met this option on some of their cars. General Motors provided an Air-Cushion
Restraint System (ACRS) as an option on a few of their larger vehicles for
several model years. Volvo is currently field testing an air bag type
system on some of their cars. Since 1975, Volkswagen has offered a pas-
sive belt system as an option in its VW Rabbit.

The vast majority of cars sold in the U.S. today comply with FMVSS 203
under the third option--combination lap/shoulder belt assemblies with warning
devices, If a manufacturer chooses to provide just a lap belt, then he has ro
show that the vehicle meets the perpendicular frontal crash test requirements,
which include injury criteria. By providing the lap/shoulder belt combination,
the manufacturer has only to meet hardware requirements, not crash performance
criteria, The seat belt assemblies must fit a wide range of persons. The lap
belt portion must fit everyone from a 50th-percentile 6-vear old to a 95th-
percentile male (i.e., 47 to 215 1lbs, respectively). The shoulder portion must
fit evervone from a Sth-percentile female to the 95th~percentile male with the
seat in any position. The lap belt portion must have an emergency-locking or
automatic-locking retractor, while the shoulder portion must be adjustable man-
uvally or with an emergency-locking retractor.

The seat belt warning system has many detailed specifications about when
and how it should operate. During the 1974 mnodel year and part of 1975, the
seat belt warning/ignition interlock svstem stirred considerable controversy.
The interlock requirement was revoked by Congress in 1974. Presently, both
a visible and an audible warning are given for at least four and not more than

eight seconds when a seat is occupied and the belt is not buckled.
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Since the introduction of the Standard, there have been several varia-
tions of the seat belt restraint system in cars sold in the U.S. Table 1-2

below describes by model year the method used in most models.

TABLE 1-2
PRIMARY CRASH PROTECTION COMPLIANCE METHODS

Model Year(s) Common Type of Seat Belt Assembly

1968 - 1971 |e Domestic manufacturers supplied cars equipped
with lap belt systems. Some provided
additional shoulder belts.

[Foreign manufacturers often supplied a
Type 2 (3-point) belt.]

1972 o Late model year cars came equipped with a
persistent belt warning system. More
domestic manufacturers supnplied separate
lap belts (Type 1) and shoulder belts
(Type 2a)-- a 4-point system.

1973 ® The Standard required a Type 2 belt with a
detachable shoulder portion.

1974 - 1975 |e Ignition interlock was introduced to be used
with Type 2 belts (non-detachable shoulder
belts). The persistent warning system was
changed to a simple (4-8 second) warning
system in early 1975 model year cars.

1976-Present je Although the ignition interlock requirement
was revoked early in the 1975 model year,
the interlock system was not removed from
most cars until the following model year.

Real World Performance of the Standard

The real world performance of FMVSS 208 is dependent on a number of key
factors which can be grouped under the following headings: (1) Usage; (2)
Characteristics of Occupants; (3) Actions of Occupants; (4) Characteristics

of Car Interior; and (5) Type of Accident.



Usage. The overwhelming majority of cars complies with FMVSS 208 through
the inclusion of active restraint systems which require action on the part of
the driver and other occupants., A significant majority of drivers and passen-
gers does not use the system and, hence, completely negates any potential bene-
fits in terms of injury reduction or elimination which could accrue from the
Standard. Urban usage surveys suggest that usage is 20 to 30 percent.

Characteristics of Occupants. Requirements for the seat belt assembly

are that (1) the lap portion must fit persons from a 50th-percentile 6-year
old to a 95th-percentile male (47 1b to 215 1b) and (2) the upper torso restraint
must fit all persons between a Sth-percentile female and a 95th-percentile male
with the seat 1n any adjusted position. Persons outside these ranges may find
it difficult to make use of the restraints system and/or could experience seat
belt-related 1injuries, 1f used. Even with properly adjusted belts, the flexing
of the flesh and the type of clothing worn affect belt restraint effectiveness,
The potential for occupant injury is, of course, affected by other occu-
pant characteristics. Occupant health, age and sex may have a significant
effect. The very old and the very young can experience more severe 1lnjuriles
than a healthy adult 1in his or her middle years, for example. Tall people have
an increased potential for head injury, especially in small cars,

Actions of Occupants. A number of actions taken prior to and during an

accident can affect 1njury risk with the use of lap and/or shoulder belts.
Loosely worn and impropertly adjusted belts negate the load-limiting effects
of belts and may cause additional injuries due to the belt. The retractable
3-point lap/shoulder belt system reduces the likelihood of an improperly worn
belt 1in the front outhboard seating positions.

Proper seating position will affect the potential for the restraint sys-
tem to protect an occupant from injury. Obviously, when an occupant 1s lean-
ing forward or sitting sideways, the lap/shoulder belt system may be ineffec-
tive or less effective 1in preventing 1irjury. Further, during an actual crash
situation, an occupant may be able to assume a protective defensive position.

Characteristics of Car Interior. The effectiveness of belt restraint in

minimizing injuries will be affected by the quality of instrument panel padding
and bending and/or fracture strength. An 1nstrument panel that 1s well padded
and has '"give' is obviously preferred to a stiff, poorly-padded pancl. The
adjusted front seat position regulating the distance from the driver/passenger

to the steering wheel/front dashboard 1s another factor affecting possible
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injuries, Other factors such as an open glove compartment or ash tray or
loose objects can contribute to injuries.

Type of Accident. The action and potential effectiveness of restraint

systems in reducing or preventing injury are related both to type of impact
and collision speed. At very low speeds, there is usually no injury,while at
extremely high speeds all occupants are usually killed or injured, often be~
cause of destruction or major deformation of the passenger compartment, occu-
pant ejection, or fire. Seat belts are expected to have their greatest effec-
tiveness at moderate speeds.

The type of impact is also important. Rear collisions cause rearward
neck strain which is not addressed in the Standard. 1In this case, the back of
the seat and head restraint comprise the restraint system. The effectiveness of
belt restraint in frontal and side impacts may be quite different, due to

significant differences in the lateral and longitudinal loading forces.
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1,2 Summary of Fvaluation, Cost Sampling, and Vorl Plan

The plan to evaluate the effectiveness of FMVSS 208 will be concerned

with three analyses. These are:

® Seat Belt Tffectiveness Analysis,

e Passive Svsten I ffectiveness Analysis: Air Bags and
Passive Belts.

e (omprehensive Pestraint Svstem lsage Survey.

The first analysis makes use of existing RSEP and NCSS data. The latter two

analyses require major data collection or acquisition efforts.

1.2.1 Seat Belt T'ffectiveness Analvsis

An analysis of the effectiveness of FMVSS 208 requires an evaluation of
active seat belt restraint systems, since most cars on the road today comply
with the Standard under Option 3 of FMVSS 208. The two samples of data to be
u-ed 1n this analvsis are the Restraint Svstens lvaluation Program (RSFP)
data and the National Crash Severity Studv (MCSS) data. The original RSFP
analvsis of 1973-~1975 model vear cars did not include ‘V,ihich 1s currently
heing addedf The addition of NCSS data will approximatelv double the sample
qlze.**lhe data preparation effort vill 1nclude deriving required variables
from existinp informition and standardizing the variables such that analvses
can be performed using RSFP and NCSS data individually and with the two data bases
combined. Pestraint svstem usape will be classified according to (1) no
restraint used, (2) lap belt onlv used, and (3) lap/shoulder belt used.
Single and two-car accidents will he distinguished,as v1ll direct rear-end
impacts, The analvsis mav be limited to the driver and front right passenger
because of samnle size requirements. The basic analvsis approach will con-
s1st of a contingencv table analvsis of 1njury occurrence¢ ind geverlty,wlth
the probahility of various levels of 1njurv estimated bv repgression analysis
ivr1th independent variables. (See Appendix A for discussion of statistical methods.)

1.2.2 Passive Systems Iftfectiveness Analvsis: Air Bags and
Passive Belts

The analrsis of the effectiveness of the air bag-lap belt svstem and

the V1 passive shoulder belt svstem can be accomplished with historical data,

*
Yy = Change 1in velocaty.

* %
RSEP and NCSS combined will total about 20,000 accidents.
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once a sufficient period of exposure for cars so equipped has elapsed.

Presently there are only about 11,000 air bag-equipped cars on the road.

Only a very preliminary analysis of air bag effectiveness will be

possible until a significant portion of the more than 240,000 air bag-

equipped cars planned for model years 1980 and 1981 are in the car popula-

tion. The larper number of VU Rabbit cars equipped with passive shoulder

belt svstems (65,000 1n model vears 1973-1977) should permit a more defini-

tive analvsis of this system at an earlier date. The statistical techni-

ques emploved vill be verv similar to those used in the active seat belt
effectiveness study. In both the air bag and the VW passive belt analysis,
comparison must be made with a control group. The air bag effectiveness
analysis must consider air bag deployment, lap belt use and lap/shoulder belt
use in the control group. The passive belt effectiveness analysis must consider
the occurrence of passive system disconnection and use of the lap/shoulder belt
in the control VW group. Other factors to be considered in the analyses include

AV, angle of impact, seating position and vehicle weight.

1.2.3 Comprehensive Restraint Svstem Usage Survey

Fstimates of restraint svstem usage are necessary if an estimate of
the reduction in fatalities and injuries due to the Standard is to be made.
The tabulations of usage of most interest are (1) age, (2) sex, (3) rural/
urban, (4) restraint svstem and (5) vehicle class. The analvsis results
will be compared with results from earlier studies and particular emphasis
will be given to determining whether substantial usage difference exist be-
tween categories which had not previouslv been i1nvestigated. Txamples of
these include rural/urban usape and trip type. Over 30,000 observations
will be required. The new data collection will be obtained by both observa-

tion and 1interview followups.

1.2.4 (ost Sampling Plan

A cost sampling plan has been developed to estimate costs as a function
of the following cost categories: (1) direct manufacturing; (2) indirect

manufacturing; (3) capital investment (including testinp); (4) manufacturers'

*

markup;* (5) dealers' markup;* and (6) taxes. "Out-of-pocket" costs are

*
CEM considers that for these items, reliable information for specific

models is not available.
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only loosely related to the items listed above and lifetime operating and
maintenance costs are explicitly excluded. A frequency sampling plan has
been proposed which considers vehicle manufacturer, seating configuration,
and inertia reel. TIn consideration of data gathering costs, it is desirable
to limit the number of models sampled. This necessitates making assumptions
about the variance of cost data and the representativeness of the stratifi-
cations used. An experimental design has been tormulated in gather data

in two replications for three seating confipuration (4-, 5-, and 6-seats)

and electrically and mechanically activated inertia reels.

1.2.5 Vork Plan

The work plan for the evaluation study and cost analysis comprises
four tasks. The work on all four tasks could be conducted simultaneously,
since the tasks are basically independent of each other. 1he total personnel
resources required for all four tasks are 10.5 person-vears, 8.5 of which are
consumed in Task 2 and Task 3. Task 2 begins 1in the tenth month after the
study has begun and continues (with breaks in effort) for a 39-month period
due to the need to obtain a sufficient volume of air bag-equipped car accident
data.

Task 1 1s concerned with the acquisition and analysis of RSFP and NCSS
data to evaluate seat belt effectiveness under Option 3 of FMVSS 208. The
9-month effort will require resources of 1.0 person-year, $2000 for computer
processing and $1000 for data acquisition costs.

Task 2 deals with the evaluation of the effectiveness of air bag-lap
belt systems and the VW passive shoulder helt system, both systems comply-
ing under Option 2 of FMVSS 208, Data acquisition includes both the air bag
and VU passive belt accident data and data for appropriate control groups.
The acquisition of the data and subsequent analysis will be performed in
three iterative cvcles., The 39-month study will require resources of 4.0
person-years, $5000 for computer processing and $50,000 for data acquisition.

Task 3 is directed toward collecting and analyzing restraint system
usage data. The data is collected both by observation and follow-up 1interview.
Resources of 4.5 person-years, $2000 for computer processing and $15,000 for

the training of personnel and collection of data are required.
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Task 4 is concerned with the determination of direct costs to imple-
ment FMVSS 208. Resources of 1.0 person-vear and $1000 for computer pro-

cessing are needed for the seven-month effort.
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2.0 OVERVIEW OF THE EVALUATION

The purpose of FMVSS 208 1s to reduce the number of deaths and overall
severity of injuries in motor vehicle accidents by establishing performance
requirements for the protection of vehicle occupants in crash situations.

The principal difficulties in evaluating this Standard are:

(1) The effectiveness of the existing implementation of the
Standard depends on the actual usage of the restraint
system. Measures of such usage in actual accident
situations are often based on estimates.

(2) In meeting the Standard, an assortment of methods have been

used; these must apply to a wide range of individuals and
crash situations.

(3) Manufacturers can comply with the Standard under any of
three options, and are continually encouraged to upgrade
the effectiveness of their systems.

Other problems in evaluating the Standard are:

(4) The 1974 and some 1975 models had ignition interlocks which
substantially changed the degree of belt usage in those
model year cars.

(5) There are relatively few vehicles presently on the road
meeting the more rigorous Option 2 criteria. However,
recent agreements between DOT and the manufacturers
promise to increase that number, but not before the
1980 model year.
To obtain information on the effectiveness of this Standard, three approaches
have been proposed:

*
(1) Analysis of a combined NCSS/RSEP data base.

(2) Analysis of accidents of existing air bag and passive
belt vehicles, with plans to incorporate new data.

(3) Collection of a nationally representative sample of restraint
system usage.

The first two approaches concentrate on the effectiveness of the Standard,
given the usage of the occupant protection system. The purpose of the third
task is to provide the background necessary to determine the overall effect of
the Standard in the entire driving population.

Combining the RSEP and NCSS data bases will provide not only more data

* %k
but also a broader range of model years and new information on impact speed.

*
g%ES — Restraint System Effectiveness Program; NCSS - National Crash Severity
udy.

*k
AV is being added to the RSEP data base; it was not available in the original
study.
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The differences between the proposed analysis and the RSEP study lie in this
newly available data. Tests can now be made for effects of speed, impact

angle and possibly restrailnt system locking systems. The statistical analysis
would also differ to a certain extent because continuous variables will be used,
such as speed.

In the case of passive systems, a limited number of air bag and passive
belt-equipped vehicles are presently on the road-—-approximately 11,000 and 65,000
respectively. Because of the limited numbers of vehicles made available with
these options, the present population may be highly biased. However, the present
agreement between DOT and the manufacturers promises to make these vehicles more
broadly available--but for air bags not before the 1980 model year. Therefore,
the analysis recommended in this case focuses on developing analysis programs
and some Initial estimates of effectiveness, and then processing additional data
as it becomes available. The recommended statistical anlaysis is very similar
to that for the NCSS/RSEP data, to provide comparability of results.

The restraint system usage survey is presented in response to a request
expressed by the Contract Technical Monitor. The usage information obtained
from existing accident studies is biased towards the accident population. Also,
these studies rely largely on claimed system usage, although RSEP and other
serious studies are very careful about this. In order to assess the overall
effect of the Standard, one must have some measure of usage in the general driving
population. The basic purpose of this study is to provide background for the
overall evaluation of the Standard, rather than to estimate direct effect of the
restraint systems when used.

In conclusion, the first analysis will address the additional questions
about the effects of speed and angle of impact which could not be addressed in
the RSEP study. The second analysis will concentrate on the passive systems
and will prepare for the large number which will come into the vehicle population
with the 1980 and 1981 model year cars. The third analysis is necessary to place
the effectiveness of the Stamdard in an overall context. However, some may
judge that existing restraint system usage studies already supply adequate

information.
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3.0 EVALUATION PLAN

3.1 Seat Belt Effectiveness Analysis

FMVSS 208 specifies three options by which automobile manufacturers may
comply with the Standard. Since most cars are equipped with seat belt assem-
blies which comply under Option 3 (non-passive with warning system), the fol-
lowing analysis of seat belt effectiveness is recommended. A previous §tudy,
which was part of NHTSA's Restraint Systems Fvaluation Program (RSEP), con-
ducted an extensive data collection effort and detailed analysis of 1973-1975
model year cars 1n towaway ac01dents.* The data base used i1n that analysis did
not yet have available an estimate of /V or sufficient information to determine
the weight of the striking vehicle in two-vehicle accidents, The effect of AV
on 1njury severity is well established and 1t 1s particularly important when
analyzing towaway accidents because of the likely bias toward higher AV's. The
RSEP data base 1s currently being appended with reconstructed estimates of AV
and when this task is complete, a re-analysis of RSEP data would be valuable,

In addition, data collected in the National Crash Severity Study (NCSS) will
contain all the necessary information (including AV) for a new analysis. The
addition of NCSS data will approximately double the sample size available from
RSEP data and will provide cases of other than just 1973-1975 model year vehicles,
The portion of "lap belt only"” cases should increase from the 17 percent present
1n the RSEP data as a result of including pre-1973 vehicles. The larger sample
size might allow further stratifications such as analyzing the effectiveness

of different types of lap/shoulder belt systems (3-point vs., 4-point, mechanical
vs. electronic inertial reel, etc.) rather than the single category used 1in the
prior study. The additional data should increase confidence levels and might
delineate effects which were too small to find previously.

3.1.1 Data Requirements

The RSEP file contains data on 15,818 (weighted) occupants who were in-
volved 1n towaway accidents of 1973-1975 model year vehicles in the calendar
year 1974 or 1975, Data were collected by five NHTSA-sponsored teams located
in Western New York (CALSPAN), Michigan (HSRi), Miami (U, of Miami), San Antonio,
Texas (SWRI), and Los Angeles, California (1iSC). The general sampling criteria
were 100 percent of all such accidents where at least one front seat occupant
was treated by a hospital and 50 percent of all such accidents where no hospital

treatment was involved. The latter data were chosen according to the odd-even

* . . .
Reinfurt, Silva, and Seila. Statistical Analysis of Seat Belt Effectiveness
in 1973-1375 Model "ars Involved in Towaway Crashee [1].
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status of the last license plate digit. There were variations to this scheme
in specific sampling areas for specific time periods, but it was the primary
scheme used.

An accurate determination of the type of restraint system used by the oc-
cupant is important for this evaluation and is available in RSEP data. The
variables listed in Table 3-1 are also necessary for the proposed analysis.
The Sideswipe, Impact Point Angle, and Force Angle variables are not directly
available on the RSEP data base, but they can be determined by decoding the

Collision Deformation Classification (CDC) and AV,

TABLE 3-1
INFORMATION NEEDED FOR ANALYZING SEAT BELT EFFECTIVENESS

Variable Names
Vehicle Make, Model, Model Year Occupant Seating Position
av Type of Collision
Force Angle Overall AIS
Angle of Impact Restraint System Available
Vehicle Weight Restraint System Usage
Vehicle Age Belt Caused Injury
Age of Occupant Sideswipe
Sex of Occupant Height of Occupant

The NCSS data base differs from the RSEP data in sampling criteria, areas
of data collection, period of data collection, and extent of information on
other accident vehicles. The NCSS is an 18-month effort which began 1in October
1976 and will continue through March 1978. The goal 1s to collect data on
10,000 accidents by 1978. Data are being collected by seven NHTSA-sponsored
organizations 1in eight locations: Western New York (CALSPAN), Michigan (HSRI),
Miami (U. of Miami), San Antonio, Texas (SWRI), thirteen other counties in
Texas (SWRI), Kentucky (U. of Kentucky), Indiana (Indiana U.) and Los Angeles,
California (Ultrasystems). The sampling criteria are based on towaway acci-
dents which are divided into three strata. Stratum 1 1s sampled at 100 percent
and consists of accidents where an occupant's 1njury requires at least an over-
night stay in a hospital (includes fatalities). Stratum 2 is sampled at 25
percent and consists of accidents where an occupant requires hospital attention
but does not stay overnight. Stratum 3 1s sampled at 10 percent and covers all

remaining towaways.
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The definitions of "Force Angle," "Angle of Impact,' and "Impact Point

Angle" are given in Figure 3-1,as well as a diagram of how to measure them.

\\\\\\ 0° I = Impact point angle. It is the
,// angle made by the longitudinal

line through the center of mass

of the car and the line passing

mQé\ through the point of impact and
\\\\\Q:zf/ the center of mass,
-

Center
of
Mass

A = Force angle, It 1s the angle
formed at the point of impact
by the line passing through the

«+—Struck Car center of mass of the struck

vehicle and the point of aimpact,

and the velocity vector of the
| striking car.

A + I = Angle of ampact.
-180° +180°

Figure 3-1. Diagram for measuring "Impact Point" and "Force" angles.

The "Angle of Impact' comes directly from the "Principal Direction of Force"
variable of the Collision Deformation Classification (CDC). The other two
angles can be derived from information supplied in the "CRASH" program [2,3]
which is used to reconstruct AV. Variables such as occupant sex and occupant
height have been included in Table 3-1,but their effect on occupant injury is
only speculative,

3.1.2 Data Acquisition and Preparation

Both the NCSS and RSEP studies are NHTSA-sponsored work and 1t is assumed

moA . ol . S, P P )
1D5A 1M1 tne 1I0rm O mdgnetic rLdpes wlllil

1

that both data bases are available at NH

associated coding manuals. The names of variables needed for extraction from

NCSS and RSEP are listed in Table 3-2. The information which was originally

missing on the RSEP data base (AV) and which 1s currently being added, is as-

sumed to be available in the same format as it exists in the NCSS data base.
Some data pre-processling 1s necessary to translate NCSS data into the for-—

mat required to perform the suggested analyses. Part of this effort will con-

sist of recording existing variables onto different scales, particularly in the
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TABLE 3-2
VARIABLES FOR EXTRACTION FROM RESP AND NCSS DATA BASES
RSEP NCSS

1. Type of Accident 1l 7 P t

2. Type of Impact } ype ot Impac

3. Occupant Ejected Ejection/Entrapment
4. Vehicle Make/todel Code Make/Model

5. Model Year Madel Year

8. Evidence of Restraint SyStem | pestrawnt System
fae neviveoe N I2Lvraing Y2 Ll u:uyc’

8. Objects Contacted and CDC * . Vemcle Damage

9. Occupant Role
10. Seat Position
11, Sex Vehicle Occupants
12. Age ‘
13. Height ;
14, oIct Injury Description
15. Belt Caused Injury Injury Source
16. AV Total AV Total
17. AV lLateral AV Lateral
18. AV Longitudinal AY Longitudinal
19. (must be decoded from 4.) Vehicle Weight

VCollision Deformation Classification.
*Occupant Injury Classification.

case of categorical variables. For example, the analysis might limit vehicle
weight to five categories, whereas on the NCSS file, vehicle weight 1s in terms
of hundreds of pounds. The other major portion of the preprocessing activity
will be the reconstruction of variables needed for the analysis but which are
not directly available 1n the data bases. ''Wehicle Weight'" is not directly
available on the RSEP file and can be reconstructed from Vehicle Make, Model,
and Model Year. Overall AIS 1s defined differently on RSEP and NCSS files.

The code on the NCSS is based on a clinical judgment of the occupants' overall
severity of 1njury, whereas the RSEP uses the maximum severity of the occupants'
first three individual injuries. The RSEP's definition is less subjective but

it does not consider three AIS = 2 1njuries as more severe than a single AIS = 2

iniurv. Since the NCSS defi

il jas y il LiiT il

nition of overall AIS is not available in the

RSEP data base, to perform equivalent analyses of NCSS and RSEP data, it will

be necessary to reconstruct a NCSS Overall AIS using the RSEP definition.



The preparation of both data bases will include the following steps:
e DNecode the variables on the file,
® Extract and construct variables needed for the analysis.
® Re-encode variables into standardized formats.
® Extract relevant accident typeec,

® Merge condensed information onto one (if possible) data tape for
analysis denoting from which data base the case originates,

At this point the data will be raady for the analysis outlined in the next
section,

3.1.3 Data Analysis

There are several statistical techniques which might be used to analyze

detailed accident data., Three general categories of such techniques are: xe-

gression analysis, contingency table analysis, and "index" methods. They differ

in their distributional assumptions about the population to be sampled and they treat
variables on different scales (continuous v3. categorical). A more detailed
discussion of these techniques and how they apply to the recommended analysis

1s given in Appendix A. The models proposed 1in this section encompass as-—

pects of each of these analytical approaches.

To remove selection effects, the sample will include only towaway accidents,
since such accidents will usually be reported by vehicle damage rather than oc-
cupant 1njury. Some towaways will occur because the driver 1s incapacitated,
rather than due to vehicle damage. But according to information obtained from
various police sources, the number of these cases should be small.

Single and two-car accidents should be analyzed separately because the
parameters may be different, If analvses show that there 1s no significant dif-
ference, then they can be combined. All trucks with GVW greater than 10,000 1b
should be excluded becausc¢ of differences in collision dynamics. Smaller trucks
(pickup) can possibly be 1included but they might have to be analyzed separately
or require an additional model variable (1.e., truck vs. non-truck). The fol-
lowing discussion will be in terms of two-car accidents.

Direct rear end impacts should be examined separately,since the effects
of seat belts 1s minimal 1in those collisions. The construction and usage of
head restraints will have a significant effect on occupant injury 1n such cases.
The recommended analysis will be limited to the driver and front left passenger

for purely empirical reasons. The frequency of rear occupancy 1s small and the

3-5



usage of seat belts in the rear is infrequent. The number of cases expected
in that category would be insufficient for the proposed analysis,but simple
tabulations could be made, The data should be stratified by driver and right
front passenger, since the steering wheel on the driver's side creates a non-
symmetrical situation.

Restraint system usage will define at least three additional stratifica-
tions of the data:

e No Restraint Used.
e Lap Belt Omly.
e Lap/Shoulder Belt.

If the data bases are combined and sufficient data are available, additional
stratification of the Lap/Shoulder Belt category may be possible. It may be
valuable to distinguilsh between belt-sensitive and inertia locking reels, or
detachable versus non-detachable shoulder belts.

The analysis will depend significantly on the nature of the injuries re-

ported and the AIS scale used to differentiate them. The AIS scale, like al-

most any other injury scale, 1s not an interval scale but rather an ordinal one.

That is, while 6 and 3 are more severe than 5 and 2, respectively, there is no

reason to believe that the difference between 5 and 6 is the same as that be-

tween 1 and 2. TFor example, graphs such as those in Figure 3-2 can be construec-

ted from exactly the same ordinal data. Therefore, regression analysis is not

recommended.

AlS 2}

A A A A A A

independent variable Independent variable

Figure 3-2. Illustration of the inapplicability of regression analysis
of AIS-scale data, using a nonlinear ordinal scale.
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What 1s recommended is a contingi ncy table analysis with a regression
structure on the probabilities, The probabilities of the various levels of in-
jury (e.g., AIS > 2, AIS > 4) should be estimated as functions of the indepen-
dent variables for each of the seat belt systems (e.g., none, lap, shoulder).
Thus, P; = fnc(speed, direction,...) can denote the probability of an injury
> 2 on the AIS scale for no seat belt used,as a function of the independent
variables.

A functional form 1 proposed for the estimated probabilities because an
overall measure of effectivencss can mask important results, As an example,
consider the effect of speed. Seat belts are expected to have their greatest
effectiveness at moderate speeds,with effectiveness decreasing as speed becomes
very low or very high. That 1s, at very low speeds no one gets hurt, while at
extremely high speceds 111 occupants are vsually killed, or injured. An overall
measure would include the hiigh and low speed situations and thus tend to negate
observed effectiveness at moderate speeds. Similar remarks can be made for
other independent variables such as the point where the struck car is hit. Using
a functional relationship will allow one to determine effectiveness in various
important situations.

The Basic Model

One recommended analytic method involves fitting a multinomial response
model with both continuous and discrete explanatory variables. The notation
"p" will be used generically to represent any individual cell probability or
any cumulated cell probability, The model is expressed in functional structure
to yield log p. A list of primary model variables and their description are

shown in Table 3-3 below.

TABLE 3-3
DESCRIPTION OF TINDEPENDENT VARIABLES
Variable [ Type Defimition
AY = Change 1n Velocity Nuadratic NCSS file defimition
1 = Impact Point Anqle Anqular See Fiqure g-}
A = Force Anqle Anaular See fiqure 3-
W = Weight of Case Vehicle| Nominal Weight cateqgories < 2000 1b,2C00-3093,etc.
M = Model Year Grnup Dichotomous Model Year cateqories- before 1969,after 1969
G = Age of Occupant Nominal Aqe groups 16-25, 26-35, etc.
S = Sideswipe Variable Dichotomous Ho Sideswipe = 0, Sideswipe = 1




Some of the nominal variables are In fact continuous bul since their in-~
fluence is likely to be relatively small, they might be treated as categorical
with only a few categories. On the other hand, both the main factor velocity
change and angle of impact could be treated as categorical variables with suf-
ficiently many levels., The Model Year Group variable (M) has been included to
control for the effect of other safety Standards implemented at various times,
e.g.,steering wheel Standards which would affect injury severity in certain crash
configurations. The Case Vehicle Weight variable (W) has been included
to account for the added structural strength of heavier vehicles (the effect of
larger mass 1is implicit in AV). The effect of age on injury severity in an ac-
cident is well-documented and thus the Occupant Age variable (G) is another in-
dependent variable. Sideswipes are physically special cases,and since the Im-
pact Point Angle (I) and Force Angle (A) are not defined for sideswipes, the
Sideswipe variable (S) i1s introduced as a zero-one variable.

The variables deflned in Table 3-3 are primary, i.e., those which are known
or hypothetically important and have principal effects. Some secondary variables
whose effects are purely speculative are: occupant sex, occupant height, vehicle
age, and type of seat (bench vs. bucket). Secondary variables could be investi-
gated by including them individually 1n the model at a later stage of the analy-
sis,

The most likely 1interactions are:

(&v x I), (AV x A), and (AV x (A+1))

Each of the injury probabilities 1s a function of the various independent

variables., The logarithm of the probability 1s given a functional structure

that depends on these variables:

log p=u
+ alAV + azAV2 + (continuous)
+ wi + M] + Gk + 8, (categorical)
+ b]AVcos 1 + bzAV cos 2T + hBAV cos 31
+ O, AV sin T 4 LAV ofn 21 + d AV cos A (cont {nuous
1 2 1 interactions)
+ dZAV cos 2A + e]AV sin A + fJAV cos (A+1),

where p 1s the probability of equaling or cxceeding a particular AIS level for
a particular belt system usage, and

Wy ay, 3, b], b2. ey f]

are coefficients to be estimated from the data.
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The subscript for each of the categorical mean effects runs over the pos-
sible categories for this variable. Typical constraints force the sum of these
effects weighted by cell size over the indexing subscript to be zero. The inter-
actions of Change in Vglocity with Angle enter simply as other continuous vari-
ables in the model. The concepts of Impact Point Angle and Force Angle and their
manner of inclusion in the model need more discussion. Their definitions and
an illustrative diagram are given in Figure 3-1. These angles have periodicity;
that is, going 360° around the car, returns one to the start point. This sug-
gests that these angles should appear in the model as trigonometric functions,
The symmetry of right and left introduces the cosine funciions. The asymmetry
implied by the driver's being to the left of center requires the sine functions.
Cosine (A+I) is included, since A+I is the standard "angle of impact' and has
been considered in other work.

The physics of the problem suggests that these angles may be more informa-
tive than the usual nominal impact point and direction variables.

Frontal Impacts

The Standard addresses frontal impacts; therefore, it 1s necessary to con-
sider carefully frontal and near-frontal impacts. Perhaps one can determine how
well a full frontal crash predicts the effects of less than direct frontal col-
lisions. Impacts farther back than side door impact carry no information for
this analysis, and in fact are expected to introduce 'noise."

A model similar to that described above can be used, but since only the
frontal sector of the car is of interest, the trigonometric functions may not
be as appropriate as before. Changes at small angles (of no more than 15° to
30°) are of interest, and while a high frequency term (e.g., sine 30A) would
work, too many terms would have to be fitted. Instead, one may replace the co-
sines with even power terms: i.e., bj(AV) 12 + b2 (AV) 14 + b3 (av) 16. The
sine terms could be replaced also, but the contributions of these terms may be
small enough for them to be omitted.

Discussion of the Model

The model encompasses fifteen independent variables. It is probably too
cumbersome to consider all variables at once. It is recommended that more and
more variables be included in a sequential manner beginning with those deemed
likely to be most significant (via other considerations) until a sufficient
degree of explanation of variance is attained. The two proposed analyses can

be applied to any submodel of this overall model.
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The first approach arises '"naturally" from the model as formulated. As
the model stands, one must estimate u, the a's, b's, and c's and also the Wis
Mj’ Gk’ etc. Since the model involves a quantitative or regression component
and a qualitative or analysis of variance component, the most plausible approach
seems to be to consider the setup as an analysis of covariance problem. 1In
using such an approach, the regression portion of the model (i.e., the continu-
ous variables) is fitted by estimating v and the a's, b's, and c's. Then the
analysis of variance portion of the model (i.e., the discrete variables) is
considered in the presence of these covariates., Package programs are avail-
able to handle an ANACOVA® of the size we are discussing, so that "in princi~
ple" the analysis may be performed. Included in these packages are provisions
to run significance tests and to obtain confidence intervals for the regression
coefficients and also to run significance tests and multiple comparisons for
the main and interaction effects.

|
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fact that an analysis of covariance assumes the dependent variables to be con-
tinuous and normally distributed. Even if it is assumed that five or more
ordered categories (e.g., the AIS scale), somewhat approximate a continuous vari-
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interactions involving a covariate with various main effects, a dependence be-
tween the two portions exists. Thus, although we may innocently run a package
ANACOVA program, the prior knowledge that we fail to satisfy basic distribu-
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resultant significance tests and confidence intervals.
We propose a second and likely preferable alternative approach for injury

severity which retains the multinomial character of the dependent variables at
4

on YV and I t"\nh

ngo
ST [$1-28 ¢

n is 1imp n AV and I,
a log-linear model may be fitted to the data. The log-linear model presumes
essentially a higher order contingency table type categorization with respect

to the observed independent variables and a dichotomous response for the

*
ANACOVA = Analysis of Covariance.
ANOVA = Analysis of Variance.
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dependent variable. The logarithm of the probability of one of these responses

is given a linear representation in terms of the levels (categories) of the in-

dependent variables. The model then only requires that at a given set of levels
for these variables, observed responses follow a binomial model with the corres-
ponding model-specified probability of occurrence. The model previously given

needs only be amended with respect to the continuous portion; i.e., replace:

2
alAV + azAV + blAV cosT + ... + CZAV sin 21
\ J (. J
v
b AV + I x AV)
7 g ( gh

wnere the index g = 1, 2..., n denotes the n categories in to which AV is div-
ided and h = 1, 2, ..., m denotes the m categories into which I is divided.

(I x AV)gh becomes an m x n table corresponding to the intersection of AVg and
Ih. The more comfortable application of this model to the type of experimental
results anticipated seems to outweigh the disagreeable necessity for categoriz-
ing I and AV. The same substitution applies to the Force Angle (A) and AV.

There 1s one further point. Since the response cells are multinomial,
the following procedural artifice is needed to formally achieve the binomial
response mandated by the log-linear model. The cumulative cells AIS < O,

AIS < 1, ATIS < 2, AIS < 3 would be fitted in sequence, i.e., in log p, p =
P(AIS < 1) for each of 1 =0, 1, 2, 3. Tabulations of RSEP data® show that

the frequency of AIS > 4 1s low (1.e., 0.8% overall and 0.6%Z in frontal impacts);
therefore, all AIS - 4 are grouped and P(AIS > 4) 1s estimated by 1 - P(AIS < 3).
The estimates of the multinomial cell probabilities are obtained by subtraction
1.e., P(AIS = 1) = P(AIS < 1) - P(AIS < 0), etc. Fitting the most populated
cells cumulatively and leaving the least populated to the remainder 1s recom-
mended.

The size of the described model should be manageable with existing log-
linear model programs. How does one make comparisons and test hypotheses within
a log-linear model framework”? The first consideration 1s how the effect of
some varilables may be "controlled" in order to see the effects of others. We
illustrate the 1dea briefly via an abbreviated example in which two variables

are controlled to examine the effect of a third.

*
Reference [ 4] Table 113, page 107.



For example, assume the fit:

log pijk =y + ay + Bj + i + (o x 8)1j

and "control" the effects of variables j and k to see the effect of variable

i. Compute an average:

- g%k Pygi 1O Pygic
log Py = 5 n .
i,k 1jk

Hence, the corresponding ﬁi may be obtained and then ﬁi may be studied as
i changes to assess the effect of various levels of 1. Comparisons of multi-
nomial cell proportions are typically done via contingency table tests of
homogeneity (possible goodness of fit test) or simple one and two sample bi-

nomial tests when applicable.

A Comparison Index

To compare the protection afforded by the three belt systems, we recommend
the following measure or index. Let Pg denote the probability of injury at

least as severe as AIS = 3 (i.e., AIS 3_3) when the driver is not using seat

belts. Let Pi and Pg be the corresponding probabilities with lap belts and
shoulder-lap belts, respectively. We propose the index
3 Py
I"(L,N) = log, =5~
PL

as a measure of the improved protection of lap belts over no belts for AIS 3_3.*
For other injury levels the definition is similar. This index has several de-
sirable properties. 1If the probability of injury is the same, Pg = P%, then
I3(L,N) = 0. Should lap belts decrease the probability by 1/2, then PE = 1/2 PS

and

13(L,N) = log, 2 = 1.

*The choice of the base for the logarithm is arbitrary. Base 2 was chosen be-
cause 1t is conceptually desirable for differences on the order of 0.5, e.g.,
betwecen lap belts and no belts. Log, would be conceptually more desirable for
small differences because it would correspond to percentage differences. Pre-
ference in choice of base for the logarithm can'be investigated further when
performing the analvsis.
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Converselv, 1f no use of belts decrcases the probability by 1/2, then PN

1/2 p3, and

3 =

13(L,N) = 1og2 1/2 = -1,

Furthermore, the index is additive in the following sense. If 13(L,N) = 1.8

and I3(S,L) = 0.5, then

Also, note that order is

Since the estimates
dependent variables, the
is desirable because any

to be uniform across all

A flow chart of the

13(s,N) = 2.3.

important: I3(L,N) = -I3(H,L).

of the injury probabilities are functions of the in-
indices are also functions of these variables. This
improvement due to seat belts would not be expected

situations.

proposed analysis scheme follows in Figure 3-3.
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Figure 3-3. Proposed Statistical Analysis Scheme for evaluating
Seat Belt Effectiveness.
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3.2 Passive Systems Effectiveness Analysis: Air Bags and Passive Belts

3.2,1 Data Requirements

The analysis of the effectiveness of the air bag passive restraint system
for fatality and injury reduction can be accomplished with historical data,
once a sufficient period of exposure for cars equipped with air bags has been
realized. The accident data required has many similarities to that noted in
the requirements for the seat belt effectiveness analyses and includes the fol-
lowing variables:

e Alr bag deployment e Vehicle weight (both vehicles)
e Lap belt usage e Calendar year (vehicle age)

e AIS injury (head and torso) e Vehicle deformation

e Vehicle make/model e Age of driver

e Vehicle model vear e Occupants and seating positions
e AV e Sideswipe occurrence

e Force angle e Type of collision.

e Angle of 1impact

The first three variables in the left-hand column above are specifically
characteristic of the air bag effectiveness analysis. Obviously, data on air
bag deployment and lap belt usage are essential for an analysis of the effective-
ness of the system., If the volume of data permits, it may be helpful to stra-
t1fy injury occurrence according to the head and the torso. In the collection
of data on the VW Rabbit passive shoulder belt system, the first two variables
are replaced by a variable 1indicating whether or not the system was disconnec-
ted.

3.2.2 Data Acquisition and Pieparation

Air Bag-Fquipped Cars

There are very few air bag-equipped cars on the road today; in fact the
estimate 1s only about 11,000. The mumber of air bag-equipped cars manufac-
tured through model vear 1976 1s given 1n Table 3-4 from [5]. Very few 1977

model year cars were alr bag—equipped.

TABLE 3-4
AIR BAG-EQUIPPED CARS THROUGH MODEL YEAR 1976

Model Number
Year Car  Model Manufactured
A197é—ﬁ~ﬁercury Moﬁieré& 7 ' 831
1973 | Chevrolet Impala 1,000
1974 | Buick, Cadillac, 01ds ‘ 5,518
1975 | Buick, Cadillac, Olds and Volvo (only seventy-five) 4,081
1976 | Buick, Cadillac, Olds (through April 30, 1976) 427
Total 11,857
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It is clear that the sample of air bag-equipped cars does not represent
a random cross-section of all automobiles. The large, more expensive Buicks,
Cadillacs and Oldsmobiles from model years 1974 and 1975 dominate the present
sample. The owners/drivers of these cars are also likely to be unrepresenta-
tive of the driving population in that they may be, on the average, older,
more conservative 1in driving habits,and possibly more safetv-conscious than the
general population.

The status of plans for the future manufacture of air bag-equipped cars
was revealed 1n a January 18,1977 press release. The plans are summarized in

Table 3-5 [6]. It is recognized that the current agreements between DOT and the

TABLE 3-5
PLANNED MANUFACTURE OF AIR BAG-EQUIPPED CARS

Model . Number to be
Year Description Manufactured

GM Intermediate 150,000

1980 |Ford Compact (driver side only) 70,000"

Mercedes-Benz Sedan 750

Total 1980 MY 220,750

GM Intermediate 150,000*

1981 IFord Compact (driver side only) 70,000*

Mercedes-Benz 1,500

Total 1981 MY 221,500

Grand Total 442,250

*
For GM and Ford cars it 1s assumed that an equal number of
air bag-equipped cars are manufactured in each model year.

manufacturers are subject to review and renegotiation, but for the purpose of
discussion and analysis plans given in this section, the numbers in Table 3-5
are assumed.

The number of reportable accidents which involve air bag-equipped cars
that can be estimated to become available for analysis is given in Table 3-6.
The minimum criteria for reportable accidents differ greatly among states but

based on accidents accumulated 1in the national accident reporting system,
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one can assume that approximately one in ten cars will become involved in a
reportable accident annually., At least an equal fraction of cars will be in-
volved In an unreported accident where damage was below the minimum required
for reporting and injuries were absent or very minor.

Assuming the rough estimate of about one in ten cars becoming involved in
a reportable accident and the estimated air bag-equipped car populations in the
previous two tables, an estimate of the cumulative number of reportable acci~-
dents involving these cars at the end of each calendar year 1s given in Table
3-6. 1In making the rough estimates, calendar years were not distinguished
from model years. It must also be recognized that a period of time 1s required
after the given calendar year, before information on all accidents in that cal-

endar year are available for analysis.

TABLE 3-6

ESTIMATE OF CUMULATIVE OCCURRENCE OF
REPORTABLE ACCIDENTS INVOLVING
AIR BAG-EQUIPPED CARS

Year l Estimated Cumulative
Number of Accidents
1974 600
1975 1,500
1976 2,600
1977 3,800
1978 5,000
1979 6,100
1980 18,000
1981 53,000
1982 110,000

For example, 1f the air bag effectiveness study 1s begun in early 1978, it is
estimated that between 2600 and 3800 reportable accidents might be available.
The 1nitial problem 1n the acquisition of data 1s the lack of sufficient
numbers of air bag crashes. This creates the need for a reliable procedure to
track air bag-equipped vehicles so that data are collected on all accidents
which do occur. There are currently several sources which document air bag ac-
cidents, The NHTSA maintains a National Response Center which provides a 24-
hour phone service for reporting air bag vehicle accidents. General Motors
Corporation provides the National Response Center phone number en the sun visor

of all 1ts air bag-equipped cars. Once an air bag deployment 1s i1dentified,
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NHTSA performs a Level 2 or Level 3 accident 1investigation to record the rele-
vant crash characteristics. Automobile insurance carriers are another source
of information. Allstate Insurance offers premium discounts for air bag-
equipped vehicles and believes 1t 1nsures a high proportion of the existing
air bag vehicle population. In addition, Allstate operates 1ts own fleet of
approximately 475 air bag vehicles, Allstate also maintains 1ts own 24-hour
phone service for reporting air bag accidents, and drivers i1n their fleet are
instructed to report all accidents. I[nsurance claims on policies covering dalr
bag-equipped cars are monitorcd, and the Chicago police cooperate by reporting
any 11r bag deployments they encountcr. Identified Allstate fleet iccidents
are 1nvestigated by Allstate, ind all air bag crashes are reported to the NHTSA.
Car manufacturers and other 1nsurance companies also (ocoperate with Allstate 1in
air bag vehicle accident reporting,

The above procedures probably detect almost all air bag deployment acci-

dents. However, a significant percentage of non-deployment air bag accidents

>
may not be reported. The NHTSA (ould try to obtain information on the unrepor-
ted accidents by surveying current owners of air bag-equipped vehicles. Assum-
ing the manufacturers have recorded tne Vehicle Identification Numbers of these
vehicles, postcards could be sent to owners asking i1f the a11r bag-equipped
vehicle had been 1in an accident, and other relevant data. [he responses could
then be cross—indexed with reported accidents to add cases and evaluate the
current reporting procedures.

The number of accident-related air bag deplovments per year 1s given 1n

Table 3-7, based on data in [5]. lhe deployment dita indicate that perhaps 50

TABLE 3-7

NUMBER OF AIR BAG DEPLOYMENT
ACCIDENTS PER YEAR

| Yaar Number of Accidents
b with Deployments
1972 1
1973 15
1974 26
1 1975 39
I 1976 30 (As of Aug.
l J 1976)
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cars out of 11,000 cars are involved in a deployment accident in a year (only
0.5 percent). If we assume that 10 percent of all air bag-equipped cars are
involved in a reportable accident then only 5 percent of the reportable acci-
dents involve a deployment, This may be a reasonable figure when it is real-
1zed that non-deployment accidents involve (1) all rcar-end impacts; (2) most
side 1impacts (especiilly considering that the air bag cars are large) and (3) all
frontal collisions where the speed is less than 12 mph. Thus, while the exist-
ing population of about 11,000 air bag-equipped cars permits a reasonably rapid
accumulation of non-deployment accidents, this 1s not the case for deployment
accidents.  The accumulation of a sufficient number of cases of the latter may
have to awiit the large number of air bag-equipped cars which will be introduced
in the 1980 and 1981 model years.

A second facet of the data acquisition requirements for the air bag effec-
tiveness analysis 1nvolves the need for a control sample of cars with active
restraint systems, Apnroximately 5 percent of the present NCSS and RSLP data
bases is believed to involve comparable 1974 to 1976 model year Buicks, Cadil-
lacs and 0Oldsmobiles., It may be acceptable to include 1n the control sample
other full~sized General Motors cars as well as full-sized cars manufactured
by Ford, Chrysler and AMC. If 1t 1s necessary to supplement this control group,
1t 1s suggested that towaway accidents with similar cars be considered. It
must be recalled that all accidents 1in the control group generally must have
comparable information to that given in Section 3.2.1. This 1s especially trie
regarding seat belt usage, speed and impact angle.

Passive Belt

There 1s currently only one passive belt implementation in actual produc-
tion, This 1s the Volkswagen Rabbit passive shoulder belt system which has
been an option since the 1975 model year. Volkoswagen instructs 1its dealers to
report Rabbit accidents to the main office when the damage cost 1s above a
threshold quantity (approximately $700) and then sends out 1nvestigators to
collect data on the accident., Volkswagen will then notify the Accident Inves-
tigation Division of NHTSA about the accident. Even 1f this procedure is faith-
fully followed, the data would be heavily biased toward serious accidents. To
obtain data on unreported passive belt accidents, the NHTSA might use the same

type of pastcard survey of Rabbit owners as that used to obtain data on air bag

non~-deployment accidents.
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It is estimated that by the completion of model year 1980, 125,000 passive
seat belts 1n VW cars will have been manufactured [7]. IThis i1ncludes an
agreed-upon 60,000 cars (at least) so equipped 1in model years 1978, 1979 and
1980 [6] and an estimated 65,000 VW Rabbits with the passive shoulder belt sys-
tem 1in model vears 1975, 1976 and 1977. Table 3-8 shows the cumulative eoti-
mate of the number of reportable accidents 1nvolving VW's with passive systems
that are assumed to be manufactured in each model vear. The estimated cumula-
tive accident involvement 1s certainly very approximate and 1s based on the

rough assumption that each yeir one 1n ten of the VW cars with the passive belt

TABLE 3-8

ESTIMATE OF CUMULATIVE OCCURRENCE OF
REPORTABLE ACCIDENTS INVOLVING PASSIVE
BELT-EQUIPPED CARS

Assumed MNumber | Estimated Cumulative
of VW Models Sold Number of Accidents

1

Year

1975 1 30,000 1,500
1976 20,000 5,000
1977 15,000 11,000
1978 20,000 19,000
1979 20,000 28,000
1980 20,000 40,000

[
{
i

system will be involved 1n a reportable accident. I the estimates are
reasonable, it 15 obvious that sufficient accident experience with VW Rab-
bits equipped with a passive belt system will have been achieved by 1978 to
permit an tnitial analysis. Howcver, the i1cquisition of 1ccident data i1nvolv-
1ng thesc cars requires the i1mplementation of 1 comprehensive LT king scheme
similar to that which 1o currently used with 1i1r baig—cquipped vehicles., As 1s
the case 1n the ailr bag vchicle dat1 collection, 1t wtll be necessary to obtatn
data for a control group. This group will consist of VW Rabbits with active

belt systems.

3.2.3 Data Analysis

Alr Bag I'ffectiveness Analysis

The statistical techniques used and analyses undertaiken are similar to
those d¢scribed 1n detail in Section 3.1. However, a number of special consi-
derations must be given to the air bag analysis. The 11r bag will deploy only

in those accidents where the frontal i1mpact exceeds 12 mph., In the large
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majority of accidents the air bag will not deploy. These include all impacts

in the rear, most side i1mpacts and all front 1mpacts under 12 mph., In addi-
tion to the consideration of air bag deployment, the question of lap belt use
must be addressed. This 1s important 1in both deployment and non-deployment
accidents. When the air bag does not deploy, the lap belt 1s the only restraint
system protection, In the case of deplovment, 1t 1s sti1l]l desirable to know

1f the lap belt was being used. Thus, accidents wi1ll be classified according

to four categories as follows:

e Group A Air bag deployment with lap belt use.

e Group B A1r big deployment without lap belt use,

e Group C Air bapy non-deployment with lap belt use,

e Group D Air bag non-deployment without lap belt use.

Two types of inalyses must be carried out. The first type of analysis in-
volves comparisons of 1njuries and fatalities within the air bag-equipped cars
accident sample. The second type of analysis 1nvolves c(omparisons between the
air bag population ind the control group.

In the first type of malysis the primary analysis consists of a compari-
son of 1njuries and fatalities for Group A » . Group B and Group ( vs. Group D,
the groups being defined above. T1This analvsis 1s directed toward determining
the effects of lap belt us: 1n both deployment and non-deployment accidents.
The c(omparison of Group A »3, Group B and other analyses discussed in this sec-
tion obviously requires a sufficiently large sample of deployment cases. At
the present rate of accumulation of reported deployment accidents, 1t 1s our
judgment that only verv preliminary analyses i1nvolving air bag deployment acci-
dents will be possible until the significant volume of model vear 1980 and 1981
air bag-equipped cars are part of the vehicle propulation.

A number of other taictors can be evaludated 1n the analysis of the air bag
Jdec tdent sample.  These include:

e Injury occurrence with and without air bag deployment.

e Frequency of 1ir bag deployment and relationship to AV, force
angle and angle of impact.

e Variation of 1njury occurrence by seating position as a function
of axr bag deployment and type of collision,

e Iffects of vehicle werght on air bag deplovment and injury
occurrence 1n side 1mpacts.



It is clear that the 1nvestigation of some of the above factors must awailt the
advent of 1980/1981 model year air bav-equipped cars. Prior to that time, the
air bag analysis could be limited to considering only those variables found
significant 1in the seat belt analyses, plus a few selected variables deemed
relevant to 11r bag anilysis,
The second type of analysis mentioned above concerns the comparison of
air bag-equipped car accitdents with the accirdents of 1 control group. This
analysis 15 far from straightforward and simple. A rigorous eviluation of
and complete mswers to tho questions discussacd bclow will not be possible untal
the eirly 1980's, given the present sizoe of the iir baig-equippad ¢ populations
and plins for additionil air bip-equipped cars.
Ihe sample populations which must be  nsidered in the cvalustion are:

e Air bag—cquipped car with Tap belt use.

e Air bag-cquippcd ¢ ir without Tap bolt use,

e Non-equipped cir with lap/,houlder bclt use.

e Non-cquipped cir without 1:ip/shoulder belt usc.
The litter two c(ategories, of course, comc from the control sample, The above
cateporics of restriints systems must be compared 1n the light of (1Y the oc-
currence f deployment and non-deplovment ccidents ind thair froquency and (2)
the frequency of use of lip belts 1n 1ty bag—cquipped cars md the frequency
of use of 1ip/ houlder belts 1n non-equippued cars.  The priwary compirisons
would be (1) air bag deplovment with lap belt usc (Group A) o . non-equipped
car with lip/shoulder belt use 1n accidents with speed greater than 12 mph and
(2) air bag deployment without 1aip belt use ((roup B) p-. non-equipped car
without lap/shouldcr belt usc 1n accudents with speed greator than 12 mph. The
above comparison permits in cviluition of the ¢ffcctivencss of the ir bag-lap
belt svystem relitive to the laip/shoulder belt <vstem for deplovment—type acci-
dents, given lap and lap/shoulder belt use. A complete evaluition of the air
big/lip belt system, however, rcquircs the considcration of non-deployment type
accidents also. Thus, the secondirv compirtsons involve (1) 11r bag non-dcployment
with lap belt usc (Group () » . non-equippcd car with lap/shoulder belt usc 1n
wcidents 1t less than 12 mph and (2) 11r bag non-deplovment without lap belt
use (Group D) o . non-equipped cir without Tap/shoulder bolt use 1n accidents

at less thin 12 mph,



Given the real-world low rate of seat belt usage, in perhaps 80 percent of
accidents there is no difference in the non-deployment type crash (neither lap
belts nor lap/shoulder belts are in use) and in deployment type crashes the
difference 1s strictly a function of the protective restraint of the air bag,
as again neither a lap belt or lap/shoulder belt is in use. However, one must
st11l consider the possible effects of seat belt use. Specifically, in non-
deployment accidents the use of a lap belt only (in constast to a lap/shoulder

belt) may result in an increase in injury occurrence or severify.

Passive Belt

Some of the considerition and factors i1nvolved in the analysis of the
effectiveness of the air bag-lap belt systems are appropriate to the analysis
of the effectiveness of the Volkswagen Rabbit passive belt system, Basically
there¢ are three clisses of restraint system protection to counsider:

(1) No restraint system protection--the passive system has been

disconnected or the active lap/shoulder belt system 1s not
used.

(2) Passive shoulder harness system 1s operative,
(3) Lap/shoulder belt system 1s used.

The analys1is of the effectiveness of the Volkswagen Rabhbit passive belt
system includes the following:
e Comparison of 1njuriles and fatalities when the passive system 1s
operable and the active lap/shoulder belt system 1s used. This
comparison will bhe on an overall basis and will be stratified

according to «ollision type (frontal, side, etc.) and 1mpact
speed,

e Comparison of the frequency that the passive belt system 1s ren-—
dered 1noperable .. the times that the active lap/shoulder belt
system 1s not used,

Clearly, as 1n the air bag anilvsis, the analysis of the VW passive belt sys—
tem requires data from a control group of VW's 1n which the active belt system

is the available restraint system.
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3.3 Comprehensive Restraint System Usage Survey

Estimates of restraint system usage are necessary 1if one wishes to project

the total

*
of usage from accident studies have usuallv heen bhased on personal claims.

section was included 1in response to a request by the Contract Technical Monitor.

number of deaths and injuries avoided due to the Standard.

3.3.1 Data Requirements

The data items required would be:

License Number

Seating Position

- Draiver

- Front seat passenger
- Rear seat passenger

Restraint System Use (for driver and any other passenger)
— Lap belt
-~ lap/shoulder belt

Age (driver and any other passenger)
- Young
- Mature
- 01d

Sex (driver and any other passenger)
- Male
- Female

Vehicle Make
- Domestic
- Foreignd

Model Year A

Vehicle Size
- Subcompact
~ Compact
- Intermediate

— Full Size Decoding

? From Registration and VIN
Restraint System Available

— Lap belt only

— Seat belt interlock
- 3-point belt

— 4-point belt Y,

Highway Type
- Urban/suburban streets
— Limited access highways
- Main rural roads
- Secondary rural roads

*
However,

the RSEP study was very careful in classifying the reliability of

information on restraint system usage.
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e Time of Day/Day of Week
— Commuter hours
- Mid-day
- Evening
- Late Night

e Area Population Density,
Other information--length and types of trip and consistency of usage--would only
be available through an interview followup situation following direct observa-
tion.* Such followup could also be valuable as an estimate of the accuracy of
the data collection procedure.

Currently,Kirschner Associates, Inc.(and, previously, Opinion Research) 1is
conducting safety belt usage surveys for NHTSA's Office of Driver and Pedestrian
Research. The Opinion Research surveys only focused on recent model years, and
while the current effort looks at all model years, it only collects data on the
driver. Also, the observations are largely restricted to urban intersections and
suburban primary road intersections (or highway exits). Data quality is ques-

tionable [8].

3.3.2 Data Acquisition and Preparation

The method of data collection would differ from the existing efforts 1n the
following ways:
e Two-person teams to observe and record the information.

e Broader range of highway types, including on-the-highway
observation and accompanying police on random roadside
vehicle 1inspection.

o Collection of data in the same geographic areas as RSEP data:
Western New York, Michigan, Miami, San Antonio, rural Texas,
and Los Angeles.

e Interview followups on a sample of observations to gain addit-
1onal 1information on trip type and length and consistency of
belt usage and also to check overall data collection accuracy.

The number of observations required in each cell** depends on the desired
accuracy of the estimate and the frequency of occurrence of the desired event.
For the purposes of determining sample s1ze, we assume that the distribution
of restraint svstem usage 1s hinomial. Assuming that the desired accuracy

is + 10%, the sample size for a 40 percent usage rate would be 576; a 5

The CTM also requested other i1tems of information be considered--usage 1n non-
towaway accidents and by AIS level. However, this information would only be
available 1n an accident-based survev.

A data cell can be considered as gross as male safety belt usage, which 1s a
simple male/female categorization; or as fine as young, female driver driving
domestic subcompact,which includes 144 categories.
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percent usage rate would require 7,300 observations. Therefore, higher levels
of accuracy might need to be sacrificed if usage rate is low. If a sample

size of 500 in each cell for a variable is used, then the spread of the 95% con-
fidence interval increases. At 20 percent usage, the 95% confidence interval

is approximately 23.4 to 16.6 percent. At 10 percent usage, the range is 12.5
to 7.5 percent; while at 5 percent usage, the range 1s 7 to 3 percent. For
example, 32,000 ovservations would be needed for a three-way tabulation of
vehicle sicze, time of day, and highway type, assuming an even distribution of
500 observations 1n each cell, and each variable is categorized at four levels

(500 x 4 x 4 x 4 = 32,000).

Data checking and automation are not inconsiderable problems. The use of
two-person teams and of interview followups will improve the accuracy and give
some estimate of error for the estimates. After the data are 1n hand, they should
be keypunched and verified before creating computer files.

3.3.3 Tabulation and Analysis

The analysis of the restraint system usage data would be rudimentary,
primarily examining various patterns of usage through different tabulations.*
Ihe tabulations of most interest will he seat belt usage vs.

Age

Sex

Rural/urban
Restraint system
e Vehicle class

and possibly combinations of these with other variables. Simple tests of inde-
pendence should be made to determine whether estimates are significantly different
from one another.

The main questions addressed will be whether this study (1) finds any
difference from earlier studies and (2) finds subhstantial differences between
categories which had not been established before, such as rural/urban usage,

or by trip type.

*
The Standard Errors of the estimates should be presented as an Appendix.
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4,0 COST DATA AND SAMPLING PLAN

4,1 Background

The current version of FMVSS 208 provides three options for compliance
with the Standard. Option #1 specifies a completely passive protection system
where only occupant injury criteria have to be met. To date, no method for
compliance under this option has been irmplemented.

Option #2 requires a lap belt protection system with audible and visual
belt disconnect warnings. Injury criteria must be met only for the frontal
barrier (rash. Two passive systems have been developed and implemented to
satisfy TIVSS 208 under Option #2, One system 1s the Air Cushilon Restraint
System (ACRS) with a lap belt and warning device which was offered by Ford on
some 1972 models and by General Motors on some 1973 and later models. Also,
Volvo offered an air bag system on 1975 and later models., Under this option,
a lap belt or detachable lap/shounder belt must be 1ncluded for each designated
seating position. lhe sccond system 1s a passive belt system offered by Volks-
wagen on 1975 and liter model Rabbits,

Option #3 very ¢xplicitly specifies a Tvpe 2 non-detachable lap/shoulder
belt assembly for the two outboard front scating positions. Some variations
in the method of compliince occur in the seat belt warning system, in the belt
system 1n non-outhoard front seiting positions, and in the emergency locking
retrictor and latech mechanism, The compliance approach under this option re-
quires the active participation of occupants for system protection.

Estimates of the average cost per car incurred 1n complying with various
Standards have been made by GAO for Model Years 1966-1974 {1]. The average
combined cost of compliance with FMVSS 208, FMVSS 209 (seat belt assemblies
for passenger cars, multi-purpose passenger vehicles, truck and buses), and
FMVSS 210 (seat belt assemblv anchorages) was estimated to he $94 per car for
the 1974 model year. This cost refers to the typical Type 2 active combined
lap/shoulder seat belt for the two front outboard seat positions and lap belts
for other seat positions as specified by Option 3 of FMVSS 208.

A detailed analysis of the cost to the c(onsumer of three restraint systems
has been performed [2]. In this inilysis the cost of driver-only, 2-front
seats, and 3-front scats was estimated for (1) the current active lap/shoulder
belt system; (2) the VW Rabbit passive belt and hnee panel system (2-front

seats only); and (3) the air cushion and lap belt system, The results of the



analysis are summarized in Table 4-1, The VW Rabbit estimates are based on a
production volume of approximately 30 percent of total U.S. Rabbit sales., The
estimates for the air cushion lap belt system assumes a 100 percent inclusion

of the system in productiomn.

TABLE 4-1

COMPARISON OF THE COSTS OF ACTIVE AND PASSIVE SYSTEMS
(Summary of analysis from Reference 4)

Driver |Twe Front Three Front
Restraint System Nnly Seats Seats
g(d011ars)(d011ar5) ! (dollars)
Active Lap/Shoulder Belt
Initial Price Increase , gg'gg gg'?8 gg'gg
Total Cost ; ) ) :
VW Rabbit Passive Belt & Knee Panel| '
Initial Price Increase } 41.50 73.00
Total Cost 49,80 89.20
L
Air Cushion and Lap Belt I
Lap Belt System ' 11.94 24.53 31.13
Air Cushion System i 24.00 58.00 67.00
Vehicle Manufacturer 10.80 18.70 21.00
Air Cushion System Markup 14.20 30.80 35 20
Total Costs 72.00 161.50 191.00

The analysis 1n Reference 2 includes the initial cost of all components
of each system. lor eximple, 1ncluded as major components of the current ac-
tive lap/shoulder belt system are: automatic locking retractor, emergency
locking retractor, laip and shoulder belt, mounting bolts, anchor plates, and
reminder (warning) system, In addition to this, the cost analysis adds 1in-
(reased fuel cost duc to the idded weirght of the restraint system. The air
cushion-lap belt system costs incl.de such 1tems as knee padding, changes in
structure to the steering (olumn and i1nstrument panel, the warranty, etc. The
total costs for this system include one deployed air bag based on accident fre-

quencies. In summary, the 1nitial costs per car for the respective systems for

two front sSeat posltilions are:

I~
!
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® Active lap/shoulder belt system S 45
VW Rabbit passive belt and knee restraint S 73
® Alr Cushion-lap belt $132

The total costs per car for the three systems for two front seat positions

are:
e Active lap/shoulder belt system $ 56
e VW Rabbit passive belt and knee restraint $ 89
e Air Cushion-lap belt $162

In a different study, the total (osts for a b-seat passenger car were com-

pared for threce systems [3]. The total costs were:

® Active lap/shoulder belt svstem $102
e Air (ushion alone $171
e Air (ushion/l1p belt $240

Thus, two studies indicate thit the air big-lap helt system will cost about

two and one-half times more than the current active lap/shoulder belt system.
Obviously, this 1increase 15 higher when only front seat positions are consi-
dered, since the cost for lap belts in rear ¢ :iting positions should not differ

greatly between the two systems,
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4,2 Relevant Cost Items

The major components of the active and passive belt systems and the pas-

sive alr cushion system are sunmirized in lable 4-2 bhelow,

these items should be included.,

In determining the (ost- of meeting the Standard,NHISA has stated that to

measure the consumer's out-of-pocket expenses,the (ost (itegories should be:

However, the latter thrcc cost citegoric, cinot be estimated reliably for spe-
cific car models or market (lasscs. Also we have found that the cost of comply-
ing with the TMVSSs, 16 ¢stimatcd by the General Accounting Office,and the retail
price increases of cars irc loosely related [5). (See Appendix B for a detailed

discussion of problems

TABLE 4-2

MAJOR COMPONENTS OF COMPLIANCE APPROACHES TO FMVSS 208

Passive Air Cushion Approach |6,7]

Driver atr cushion and inflator assembly
Passenaer air cushion

Afr tank and inflator assembly

Driver and nis.enger knee pestraints
Dashboard indicator warning li1ght
Dashboard sensor

Front bumper detector

Lap belts at all designated seat positions
Lap belt anchors

Costs relating to

Passive Unper Torso Belt Approach [2]

Knce restrainer panel

Single upper torso belt i1n front outboard postitions
Automatic br 1t retractor

Floor anchors for belt retractor

Seat belt warning system

Reinforced anchorage on side doors for upper torso belts
Lap belts for designated rear seat positions

Rear seat belt anchors

Active Type 2 Lap/Shoulder Belt Aporoach [8,9]

Seat belt warning system

Two 3-point lap/shoulder belts for front outhoard posttions

Lap belts for other designated seating positions
Shouldrr harness retractors

Lap belt retractors

Floor anchors for retractors and belts

Dircct manufctur ing

Indirect minufwturing

Capit] investment Cincluding testing)
Manufcturers' rirkup

Dealers' murkup

Taxes [4]

1os0¢ 1ated with cvailuiting the latter 3 cost categories.)



4.3 Frequency Sampling Plan

The purpose of this activity is to acquire reliable estimates of the in-
creased costs incurred by manufacturers in complying with FMVSS 208. As men-
tioned 1n Section 4,2, NHTSA, GAO, and BLS use different methods for assigning
costs to individual safety standards. GAO and BLS use direct information from
automobile manufacturers as the principal source of cost data. Manufacturers
appear to have the most reliable cost figures, but controls are needed for ac-
count1ing variations among the companies. We, therefore, recommend that cost
estimates be obtalned from manufacturers and NHTSA for FMVSS 208,

FMVSS 208 has changed through the years and manufacturers' methods of
compliance have changed 1n response., For cost data acquilsition for active sys-
tems, we are only concerned with 1mplement itions that are currently in produc-
tion which eliminates from consideration all but the three-point combination
lap/shoulder belt for outhoard front seat occupants. Within ecach manufacturer

there are three safety belt configurations depending on the size¢ of the vehicle:

e Four seater — 2 lap/shoulder belts 1in front
2 lap belts in rear
e Five seater - 2 lap/shoulder belts 1in front
3 lap belts 1n rear
@ S1x seater - 2 lap/shoulder belts (outboard) and 1 lap-belt (center)

in front
3 lap belts 1n rear.

All the current lap/shoulder belts 1in production use one or both of the follow-
ing 1lnertla activated systems:

® Mechanical locking activated by electronic vehicle deceleration
sensor,

e Totally mechanical locking activated by sudden pulling action
on belt.

We will acsume for cost purposes that all manufacturers use basically the same
locking retractor system for lap belts, The experimental design shown 1in Table
4-3 15 a balanced incomplete block design which 15 also balanced for the effect

of inertia reel system,

Manuiacturcrs | to IV arc the four major U.S. companies: (M, Ford, Chrvs-
ler, and AM(. Manufacturcrs V and VI arc foreign companies chosen on the basts
of volume or possiblv 4 uniquc restraint system. The assignment of manufactur

ers to specific columns 1s arhitrary and may be rearranged according to appro-
priate car production configurations For thosc nanufacturers which use only
one type of 1nertia rcel, both cost entries may be taken from the correspond-

ing configuration type. For example, 1f Manufacturer | only uses 1nertia
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TABIE 4-3

BALANCLD INCOMPLLTE BLOCK DESIGN FOR SAFETY BELT
COST DATA ACQUISITION

Manufacturer
Configuration i I 11 TV V Vi
4 Seats A B A B
5 Seats B A
6 Seats B A B A
e A = Electrically activated inertia reel
L e B = Mechanically activated 1nertia reel.

-

system "A," both 4 <eat and 5 seat costs may be entered using A" system costs.
Tf a manufacturer produccs more than one model with identical seating configura-
tions and the restraint system costs differ, the model with the largest sales
volume may be chosen.*

The cost data acquisitron plan 1n Table 4-3 1s only intended for implemen-
tations that fall into FMVSS 208 - Option 3. There are only two current imple-
mentations which fall into Option 2. lhe Volkswagen Rabbit passive belt and
the General Motors A(RS air bag/lap belt svystem. Both are unique enough to

justify separate cost data acquisition and analysis,

*
A statistical justification for this method may be found in Appendix C,
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5.0 WORK PLAN

The work plan for the evaluation study of FMVSS 208 1s divided into a

total of four tasks. The fourth task is an analysis of costs to the consumer

for implementation of FMVSS 208. The work to be conducted under each of the

first three evaluation tasks is basically self-contained and independent of
efforts undertaken in the other tasks. For this reason, the work 1n each task

could be carried out concurrently and the work plan 1s formulated such that

Tasks 1, 3 and 4 begin at the 1initiation of the study. Task 2, however, 1s not

initiate e of the limited
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volume of available air bag accident data. Following the development of data
collection and analysis procedures and the analysis of available existing data,
the task 1s suspended unti1l 1increased volumes of air bag deployment accident
data occur with the 1980 model year cars. For the purpose of developing this
work plan, the entire study is assumed to start on January 1, 1978.

The logical sequence of subtasks within each task 1s given in Figure 5-1.

The time sequencing within each task and the estimated resources required (per-

sonnel, data processing, and other significant expenses) are given in Figure 5-2.

5.1 Task 1 - Seat Belt Lffectiveness Analysis

Pask | 1s concerned with the acrnuisition of Restraint Systems Evaluation
Program (RSLP) and National Crash Severity Study (N(SS) data for a new analysis
of seat belt effectiveness. The original RSEP study did not contain 2V (which
is currently being added) and the addition of NCSS data will enlarge the data
base. Much of the initial data acquistion and preparation effort will be devot-
ed to deriving or reconstructing needed variables and standardizing the vari-
ables used in the study so that the NCSS and RSEP data base can be analyzed both
separately and jointly. A total of 0.6 person-year is required for this por-
tion of the effort. The entire 9-month study is estimated to requilre resources
of 1.0 person-year to accomplish the data collection, preparation and analysis.
Additional resources required are estimated to be $2,000 for computer processing

and $1,000 for data acquisition.

[y
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Seat Belt
Effectiveness Analysis

Task 1 1

Passive System Effectiveness Analysis

(a)

Acquire NCSS
& RSEP Data
Samples

Task 2 1

Y

Acquire Air Bag
Data & NCSS Data
for Control Sample

Task 1 2

!

Derive Variables
Required & Standardize
Variables from
Each Data Base

TJask 2 2

J

Error-Check &
Computer Automate

Air Bag &
Control Samples

TJask 1 3

]

Analyze & Report
on Results of
Seat Belt
Effectiveness Analysis

Task 2.3

Analyze & Report

on Initial Results

of Air Bag System
Effectiveness Analysis

!

Task 2 4

Add Additional
Aiyr Bag Data
to Data Base

!

Task 2.5

More Comprehensive
Analysis of
Air Bag Effectiveness

Y

Task 2 6

Final Report of
Air Bag
Effectiveness

(b)

Task 2 1

Acquire VU
Passive Belt Data
& VW Data for
Control Sample

]

Task 2 2

Error-Check &
Computer Automate
VW Passive Belt
& Control Data

Y

Task 2.3

Analyze & Re?ort

on Initial Results of
VW Passiye Belt System
Effectiveness Analysis

!

Task 2 4

Add Additional VY Passive
Relt Nata to Data Base
(1f necessary)

!

Task 2.5

More Comprehensive

Analysts of Passive

Belt Effectiveness
(1f necessary)

Y

Task 2.6

Final Report of
Passive Belt
Effectiveness

L - — —

Figure 5-1.

Flow chart for study to evaluate FMVSS 208.




Comprehensive Restraint

System Usage Survey Cost Data Analysis

Task 3 1 Jask 4 1
Train & Review Frequency
Schedule Field Sampling Plan
Personnel for Cost Data
Task 3 2 Task 4 2
Collect Acquire Cost Data
Field Data from Manufacturers
* & NHTSA
Task 3.3 *
Screen, Error- Task 4 3
Check, Decode VIN Determine Costs
& Automate Data by Manufacturer/

Market Class

Y

Iask 34

Analyze Usage,
Compare With
Previous Results
& Report Results
of Belt Usage

Figure 5-1 (continued).




Resources Required

Data Other
Task Description Months Person-{ Processirg | Costs
3 6 9 12151821 24 27 30 33 36 39 42 45 48]  Years (% ¥) (5 x)
— - T T = s = — = == =
Seat Relt Effectiseness Analysis
11| Acquire RSEP/NCSs Data 7 02 $1.0
1 2 | Derive Valuables & Standardize I/J 04 $10
Data
1 3 | Analyze & Report Results % 04 $10
10 $20 $10
Passive System Effectiveness
Analysis
2 1| Acquire Air Bag, Passive Belt & ‘
Control Data %' 10 $50 0
2.2 | Error-Check & Computer Automate Data 10 $10
2.3 | Analyze & Report Initial Results 06 $10
Addrti 1 ., *
2 4 | Acquire 1tional Data %’ z 04
2 5 | Conduct More Comprehensive Analysis v i 07 $30
% Z
2 6 | Final Report of Air Bag/Passive 03
Belt Effectiveness =
40 $50 $50 O
Comprehensive Restraint Systems
Usage Survey
31| Train & Schedule Field Personnel tzg 05 $50
1 Field Dat P
32| Collect Fie ata m 30 $10 0
3 31 Error-Check & Automate Data 05 $10
3 4 | Analyze, Synthesize & Report
Results 0 $10
4 $20 $15 0
Cost Data Analysis
4 1 | Review Frequency Sampling Plan g1
8 2 | Acquire & Preprocess Data 7 03 $04
4 3 | Analyze Costs & Report Results l % 06 $06
] $10
TOTAL RESOURCES REQUIRED 10 5 $10 00 $ 66 00

‘The cost of additicnal data accursition will depend on the type of tracking sys*em used for
air bag-equipped cars and whether subsequent collection of VW accident data are necessary

Figure 5-2.

FMVSS 208.
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5.2 Task 2 - Passive Systems Effectiveness Analysis

Task 2 deals with the analysis vf the effectiveness of the air bag-lap
belt system and the VW passive shoulder belt system. It 1s planned that this
task will be carried out over a protracted period of time, 39 months, due to
the unlakelihood that definitive results can be obtained prior to the appear-
ance of air bag-equipped cars 1in large numbers in model years 1980 and 1981.
Thus, the study is planned to start October 1, 1978 and conclude December 31,
1981. During part of that 39 month time period, the task will be 1nactive.

The first three subtasks are directed to collecting and analyzing air bag-
equipped vehicle accident data from the current population of 11,000 cars and
also collecting and analyzing data required for a control sample. In parallel,
acclident data on VW Rabbits with passive belts and the conventional active lap-
shoulder belt (control group) will be collected and analyzed. lhe 1nitial analy-
si1s of the passive belt system 1s likely to be more definitive than the air bag
analysis because a larger volume of data i1s available. The first three subtasks
will e¢stablish data collection procedures, data processing procedures, computer
programs and analysis approaches which can be used in additional analyses later
in the task, when more data are available. The estimated resources required
for the 1initial analysis of air bag and passive belt effectiveness are 2.6
person-years, $2,000 for computer processing, and $50,000 for data acquisition
expenses.

The last three subtasks 1nvolve the acquisition and analysis of addition-
al data. These subtasks are absolutely essential for any meaningful analysis
of air bag effectiveness and may be required for a comprehensive analysis of
the effectiveness of passive seat belts. The acquisition of additional data
and the analysis will be performed twice. The first iteration will 1include
1980 model year data and the second 1teration will includc both 1980 and 1981
model year data. Naturally, data from earlier model years will be 1included
also. The estimated resources required for the latter three subtasks are 1.4
person-years and $3,000 for computer processing. Data acquisition costs will
depend significantly on the type of tracking system used with the large volume
of air bag-equipped cars in MY 1980 and 1981, and also whether additional acqui-
sition of VW accident data will be required. Because of the high degree of uncer-
tainty at this time, a dollar value is not given. The entire task is estimated
to require 4.0 person-years, $5,000 for computer processing and $50,000 for

data acquisition (task 2.1 only).

o
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5.3 Task 3 - Comprehensive Restraint System Usage Survey

Task 3 deals with the collection and analysis of data on restraint system
usage. Iwo~person teams will be trained to observe and record information at
a broad range of road type locations in the same geographical area which RSIP
data were collected. The training and data collection effort will 1nvolve 11
months and require resources of 3.5 person-years and $15,000 for training,
materials, travel and other expenses. It 1s estimated that over 30,000 observa-
tions arc required. lhe error checking,automation of data, analysis, synthesis
and reporting of results will require resources of 1.0 person-year and $2,000
for computer processing. The total resources required for the l5-month task
arc 4.5 person-years, $2,000 for computer processing and $15,000 for data col-

lection and personnel training.

5.4 Task 4 - Cost Data Analysis

Fask 4 1s directed toward the dectermination of direct costs to implement
FMVSS 208. (ast catcgories are confined to direct manufacturing, indirect manu-
facturing, capital investment (including testing), manufacturer's markup, dcal-
er's markup and taxes.* A frequency sampling plan for FMVSS 208 Option 3
implementation specifies the cost data will be sampled for selected manu-
facturers using three seat configurations ( 4-, 5-, and 6-seats) and elec-
trically and mechanically activated inertia reels. Two replications of the
sampling procedure will be carried out. With an adequate sampling plan, the
direct cost to the consumer of the Standard implementation can be obtained
for most models through a statistical analysis. FMVSS 208 Option 2
implementations require separate cost data acquisition and analysis. [lask 4 will
be completed seven months after the start of the study. It is estimated that 1.0
person-year will be required for Task 4 work, together with up to $1,000 for

computer processing.

*
These are the cost categories specified by NUTSA. One should realize that man-

ufacturers' and dealers' markups are not easily obtainable for specific models
(1f at all). The overall "markup" is the difference between the actual price
set at the time of sale, largely according to market conditions, and the total
manufacturing costs, which are to some extent determined years in advance, when
the car 1s designed, and to some extent by the volume actually produced, which
results from the market conditions.

Taxes play a different role: some are a factor which can enter the cost calcu-
lation (e.g., property taxes). Income taxes, however, are levied on profit,
which 1s a residual and not predictable (1f a manufacturer operates at a loss,
no income taxes are due).
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APPENDIX A
DISCUSSION OF STATISTICAL METHODS




A.1 INTRODUCTION

A number of statistical techmiques can be consldored ag analytical tools
to evaluate the effects of implementing TMVSS 208. Four of these techniques
are discussed in this appendix.

e Regression Analysis

e Contingency Table Analysis
e Log Linear Analysis

e Index Method Anilysis,

A.2 REGRESSION ANALYSIS

Statistics uses the term regression in two senses, one a broad sense and
the other a restriction of the broad sense to a more "specific'" one. Before
we discuss these two (or more) concepts a word should be said about the term
"regression" since ft his virious connotations that are not appropriate to most
work. 1In the previous ccntury, the British sclentist, Galton, studied the "in-
telligence" of fathers mnd first born sons and found that if the father was
more "antelligent'" than average, the son usually was also, but he tended to be
more average than the father. Galton referred to this phcenomenon as "regres-
sion of mediocrity." The first part of the term has stuck as the name of the
whole technique of which Galton's work 1s merelv an early example. By the way,
the above does not imply that the next generation is less 1ntelligent than the
previous, since, for example, for sons more "intelligent" than average, the
fathers tend to be more average than the sons,

In the current broad-sense usage, regression is the study of the func-
tional relationship between a dependent variable and one or more independent
variables., The choice of terms does not i1mplv a cause-and-effect relationship,.
In fact, taking the extreme case, the dependent variable could be the cause and
the independent variable the effect, e.g., il one tried to regress the
size of a bomb on thc¢ amount of damage caused.

It would be somewhat more precise to say that regression 1s the study of
the mean or average structure of the dcpandent varitable by means of the inde-
pendent variates. One [s usually not trying (in a primary sense) to find the
variability of distribution of the dependent variable from the other variates.
It is true that the rescarch docs look at the variability, but only in the
second sense of wanting to scc the stability or preclision of the functional

relationship of the averape values of the dependent and independent variables.,



Some examples of poneral rogresston would be:

(1) Finding the relationship bctween a student's college record
(quantity point ratie) and his/her high school record, college
boards and other records.

(2) The position of a stellar object as a function of time and
previous positions,

(3) The probability of rain as a function of air pressure, previous
weather, tempcrature, etce.

(4) The probability of a person's having blond hair as a function of
whether or not he is Swedish, whether he is under 10 years,
between 10 and 20,and over 20, etc.

This general restricted concept of regression considers dependent varia-
bles that have an interval scale, usually independont variaibles that are inter~
val scaled,and a random crror term.  lhe random crror term is assumed to be
normally distributed. The Indcpendent variables are either values that can be
adjusted by the researcher (e.g., the speed at which a test vehicle is driven)
or normal random variables (e.g., the speeds of the cars in the population of
cars considered is assumed to have a normal distribution), Both of these assump-
tions imply, in the linear case, that the dependent variable is normally dis-
tributed,

As an example, we might be interested in a model regressing fuel consump-
tion per mile I', on velocity of the vehicle V, the weight W, and the horsepower

H. As a first approximation, we would have:

F=p+ aV+ BW+ AH + ¢,
where ¢ is the random error term, Since each of the independent variables ap-
pears as a linear (first degree) term, we call this a linear equation., If we
run the experiment under lab conditions and choose the speed, weight and horse-
power values, thesc are (onsidered fixed values and f 1s usually assumed to
have a normal distribution. On the other hand, if the data are sampled (col-
lected) from a random sclcection of actuil vehicles, then the values of the in-
dependent variables 1rc not selected by the rescircher and, 1n fact, have ran-
dom distributions duc to the random sclection, However, the estimation of the
usually unknown coefficients is, 1in both cases, carried out by least squares
analysis., To accomplish this for all the data, we choose the values of m, a,

b, ¢ to minimize the summition



?
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The objective Ls to find the precise

cquat fon that is closest to the ob-
served data. 1If we consider the equation, I =

p + dV, then graphically we can
obtain the following illustration.
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If the dots represent the data points, the line F = m + dV 1s chosen so that
the sum of the squared distances represented by ")" 1s as small as possible.
In order to judge whether or not the line gives a good fit to that data, we

compare the original variability of the data from a horizontal line,

__ _ F =TF (average of F)

with the sum of the squared distances from the sloping line. If the sloping

line is a good fit there should be a substantial denumeration of the vari-
ability.
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In practice there are various difficulties that can only be handled
approximately at this stage of statistical development. In gencral, data are
not normally distributed. In many cases the linear equation does not fit the
data well enough and higher order terms are needed. Houever, if V is normally
distributed, then V2, V3, etc, are not. Nonetheless, the procedure seems to
work quite well even when the assumptions of normality are not satisfied. One
of its great advantages is its widespread use in many applied fields. Further-
more, the procedurec arc quite standard and secondary analyses, such as comparing
coefficients, can be done with little difficulty. On the other hand if the
data, especially the dependent variable, are ordinal or nominal and if the
range of the dependent variable is bounded, the results can be less than sat-
isfactory. Also, if the dependent variable is not approximately normally dis-
tributed, the procedurec is not as efficient as others that use any distribu-
tional knowledge. In addition, various statistical tests can be misleading if
the distributional model does not reflect the true nature of the data in cer-

tain aspects,

A,3 CONTINGINCY TABLI ANALYSIS

A more recent development has been that of contingency table analysis based
on log linear models. While the basic contingency table analysis goes back to
Karl Pearson and his chi-square test, the log linear means structure is a more
recent development,

In the Pearson chi-square v x ¢ table, we usually have two factors or vari-
ables, for example, depgree of injury and speed. These are made categorical
e.g., Injury is on the scale of slight or none, mederate or severc, vhile
speed might be slow or fast. The body of the table contains the number of
cascs in cach r and their respective protabalities (the latter) usually unknown

in practice category.

SPELD
INJUPY Stov Fast
Slight
or gone ]OOPWT ]]OPIZ 2mPH
Hoderate 50 80,, -
or Severe P2l bez ]30P2+
. - - -
150Pﬂ : ]90P+2 340
P.|+ = P]]+P]?, Pﬂ = P]]+P21, etc.
and PyyaPyp # Ppy + Ppp = 1.
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The usual chi-square analysis would give*

2 . (100-92.65)2 | (110-117.35)% | (80-72.65)2 | (50-57.35)°
X 92.65 117.35 72.65 57.35

with 1 degree of frecdom. The value 2,44 is not significant at a« = 0,10,

= 2.44

This result indicates that there i1s no dependence between speed and injury
(for these data) and so the apparent discrepancies are due to random fluctuation.

However, an interpretation of the effects of speed and injury is not all that clear.

A.4 LOG LINTAR ANALYSIS

A log lincar model cun be formulated such that

= A
log Pij u + 4 + Mj + (AM)ij’

where

Ay + Ay =05 M)+, = 05 (M), + (),

and A is the effect of injury (deviation of frequency of injury from the average)

= 0; (AM)il + (AM)12 = 0;

and M is the-speed effect and (AM) is the interaction, i.e., how much different
speeds affect different levels of injury. This formula also gives the expected

nunber E,. in each cell ij as

ij
log Eij = log NPij = log N + log Pij
= +u+ +
log N + Ai + Mj (AM)ij
t
=pn + I\i + Mj + (AM)1j

where N 1is the total number of cases.

The above x2 test tells us that (AM)ij = 0 for all vehicle speeds, Aij'

Thus, we can say by appropriate analysis that the estimates of the E,, are ﬁll

ij

= 92.65, £, = 117.35, E,j = 57.35, and E,, = 72.65 and 1 = 4.41, A=A, =
0.237, ﬁl = -ﬁz = -0.121. One can check these values of u, the M's and the A's
given the appropriate E,.'s. While this analysis can be done without the log

1j
linear model for this simple case, the model can casily be extended to more

variables with the interpretation being similar to the usual analysis of vari-
ance. By extending the model we could include other factors such as weight

of vchicle.

* (Observed

In general, \° = I Expected

2
14

~ Expected

13



An important property of the model s that it uses the discrete, multino-
mial character of the data, somcthing the normal model fails to do. This fact
should make the analysis morc precise. llowever, one failing of such an anal-
ysis is that the dependent and 1ndependent variables are made discrete, which
means that we cannot force the model to accept any ordering that we wish, e.g.,
we cannot force the effect of speed to be monotonic increasing.

Another choice of analvsis 1s to allow the contingency table analysis to
have a functional relationship that has continuous and discrete independent
varlables. One would sti111 have the advantage of the underlying multinomial
distribution but this would allow the tvpe of 1nterval variables that are
found 1n the regression concept, Namely, consider models of the form log P =
v+ /\1 + aC where /\l 15 discrete as before and the C is a continucus variable.
Such an analysis should al<o consider interaction terms, ¢.g., what is the ef-

fect of i1mpact angle with or without a head rcstrant,
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APPLNDIX 2. DISCUSSION O PROPOSTD SI1ANDARD TMPLIMINTATLION COST CATFGORIES

NH78A has statcd that to measure the consumer's out-of-pocket expenses the
cost categories should be:

Direct manufacturing

Indirect manufacturing

Capital 1nvcstment (1ncluding testing)
Manufacturers' mnarkup

Dealers’ mirkun

Taxes™®

How' ver, we feel that the con-umer's initial costs are determined by a com-

plex process, with different tvpes of bargaining at the retail, wholesale, and

manufactur ing levels, Tt is well recopnized, and also acknowledged by the auto
manufactlarer<, that wholesale pricec are set 1n response to market couditicns,

and that thrar relationship to manufacturiug co<t is loose. ITn a recent CHM

study ' this question was ex mined and no relation was found between annual in-
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the 1etarl p 1ce 1ncrcases,

Certatn cosl categories can be  weil estimated: direct and indirect manu-
facturin; , and caprtal 1nvestmcnt, i1ncluding testing., These costs represent
real 1¢ cwries used. difficult,con~-
sidering the manufacturers' pricing strategres (trying Lo rover a malket Spec—
trum) and the cligopolistic nature of the market, Using average gross profits
Jor the mmufacturing wmartup would be incorrect and mislcading. 7To find the
truce mar' up would roquire a major study examining manufacturers' detailed cost
data or' pricing practices {intcinal and external).

The qur <tron of dcalir markhup 1s somewhat easier to consider conceptually;
however, to detcimine 1t 1n practice 1s complicated by the trade-in of used cars.
It appe r< hiehly likclv that there 1s no fixed percentage markup on the dealer
Yevel, but » 1iore complicatcd relationship which depends on the value of the new
vehicle, thce trade-in and other maiket conditions, Using an average giross pro-
fit, or the dafference between viholesale and retail prices, would also be inac-
curate and mis Iecading.

n the form

[=%

to the issue of tases, this cost is

, this ot only born

o

With 1 (,g.,n_d
of a salcs tas as the fraction of the components cost of the total car, but at
is also accumulated at every stape of manufacturing in the form of property,

payroll, :ales (interredite) and excise taxes. Income taxes are another cost;

?
Peisonal comnunication fiom Warren G, Halleist,Contract lechnical Monitor, 18
Januvary 197/,

lLLM Report 4194=57%,Irogram Pr ority and Limitation Analysis,Dec. 1976,Contract
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however, thcy are not dircctly rclated to the resources used but to the profit-
ability of the manuficturers,

Therefore, bascd on the above ditcussion, we consider it beyond the state-
of-the~art to estimate the truce out-of-pocket! cost of new car buyers due to
satisfying the IMVS5S5. Good estimites of the costs of real resources consumed
can be made, but these costs apparcntly are not passed on immediately or directly
to the consumer of that model. Other costs (marlups and taixes) are conceptually
and practically difficult to establish., Thc most reliablc estimate of consumer
cost would have to be apgregated over the entire market and a several year period
in order to account for changes 1n market strategy and conditions.

Another point of concern viith regard to the colloction of dota on cost 1tens
15 the periods of corparison--one model vear tefore the effective data vs, the
model year that the Standard bccure ¢ "fective or the ne t model year. the first
point 1s that manufaccurers have nde chanpes to vehicles prior to the effective
date of corpliance, especially in the casc of totally ncv nodels, Seccondly,there
is the Jearning curve cffcct 1n most manufacturing procecses which wil? reduce
the cffecry e cost of manufacturiug over time, With rcg rd to this cecond ef-
fect, savinps vould b difficult to estimate, csperially s these nov' components
become nore 1intcegraced into the bacic structurce of the vehacle. Therefore, ucing
these tim perzods for comparison may tend to overestinite the cost of the

Standard.
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APPENDIX C: STATISTICAL DISCUSSLON ON CHOOSING A PARITICULAR MAKL/MODLL WITHIN
MANUFACLIURER TOR COS1 DATA ACQUISITION

Consider any cell in the experimental design corresponding to a particular
manufacturer and market class. Suppose within this cell there are K different

possible cars to choose with known sales volumes ny, N

_K
g3 +eeDy (let n 7 ni).

Suppose also the respective unknown costs are €12 CoreveCps i=1
We seek an estimate of the overall average cost
n
To= ) L
, 1o based on one observation.
Any decision rule may be described by a sect PiseePy where Py is the

A - . , ) . th o o )
probability of selecting Lhe 1 possible car and then obtaining its cost ¢

.

i
The risk associatcd with anv rule, under squared error loss (obviously

appropriate under variance considerations) is

The natural inclination at this point 1s to attempt to minimize this risk
over the P, The answer 1s set P, = 1 at c, closest to c. But this is clearly
worthless since the c, are unknown. (If they were known, ¢ would also be known

and there would be no problem.)

Hence, the choice of the p['s cm only depond on Lh(‘l\i. fhe natural
n
approach suggests the unbiased estimator p, = _L so that the expected value
- n
of the estimator is c¢. The associated risk 1s

n
; (c. —6)2—]
1 1 n

We wish to ¢xamine which of thise 15 the smiller. Tirst we solve the

problem 1f k=2 1n which ci-c n]/n 1/2.

-2 -2 | 2 2
Claim: (¢, = 0) (¢, = 7) + (¢, - T)
+ +
1 1 nytn, 2 n,tn,
n, n,
P f: . y T -
roo Obvious: plug 1n ¢ | n]+n2 O n1+“2 nd verify.



More generally, §if we write

k
" Lon
T =c Lk + 72
I n n
n n-n
- I ' 1
T 1 h o n
k nr«c
where c¢' = ) ni '
i=2 "
In other words, < 15 the werghted average of ° with the weighted
average of the remaining (;s. then,
k n n k n
2 2
) (cl-E) — = (C] - 7)2 7%_ + ) (c.-c' + c'-0) —
1=1 n 122
n (n-n.) k n
2 1 , 2 I w2 1
= —_ — + Py + - —
(¢, =" = (' - } (e e —
2
comparcd with
-2
((] - ) .
ny
But i{f el 1/2 then T is (loser to c than to c'.
—. 2 2
1.e., (c] -7 < (c" - TO)
(n-n (n-n.)
2 1) . . 2 - 1
or ((] - 7) - (c ) -
n (n-n,)
2
or €, -0 - (-0 L+ e -t —
1 1 n n
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Since the circled term is >0, selecting c] via nl clearly gives the smaller

risk, If El.< 1 , there is no "best" solution. The better choice can only be
n

made knowing 2 the cy- If El.is close to %3 the circled term should still

n
be large enough to make sclecting cq via ny the better choice.

On the other hand, if all the n, are about the same, i.c.,

21 ~ L then
n
. B}
— 3 T - 2
c = {f} and T'((i <) EL ~ z ((1—<) 1
K n 1 k
i.e. ,the "average" (ci—g)2 is no better than any particular (01-2)2. Hence,

again selecting ¢y viany should still be as effective as randomizing.
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